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COMPLETE SPECIFICATION. 

Improvements in or relating to a Starter Device for High Speed Internal Combustion 

Engines. 



We, The Gakhett Corporation, a Cor- 
poration organised under the laws of the 
State of. California, United States of 
America, of 9851,. Sepnlveda Boulevard, 
5 Los Angeles;. California, United States of 
America ( Assignees of Homer J, Wood'u 
do hereby declare the nature of this inven- 
« • turn and in what manner the same is to 1m? 

pexf orined, to be . partieulaxly descrilx*! 
10 mi ascertained in and by the foflowiH-r 
* statement:'— 

This invention relates goicirally to the 
power .plant ait and more jpartiralariy to 
a pneumatic starter* devw adapted far use 
16 in xfartinjr the operation of a power plant, 
especially one of an aiaeriail type. 

The present invention provides . a starter 
.device for a high speed* internal combus- 
tibn engine haym» a shaft, comprising : a 
20.hon?in^. adapted to' he detaetiaMy conneb-. 
; ted to the engine ; * a drive shaft . rotatahir 
mtppdrtcd to. the Irousing atid adapted to 
be opera^vely... connected to the shaft of 
.. the engine* a turbine m.said housing fcatf- , 
2&.ing.an aii ; . driven wheel : and' t^u^ivwion : 
means interconnecting said wfceel and said 
drive shaft, aaid transmission beinst adap- 
ted .fo/partfaUy ; or completely : intemjpt 
the transnnssioh; of .power to . tKe drive * 
SO shaft- fH. wsjxrase to the occurrence of • an 
overload condition. 

. Amon^r the many acute problems in; the 
operation of modera aircraft power plants 
38 the accomplishment of what erroneously 
35 appears to be a relatively simple operation, 
namely^ that, of starting some ty^s of in- 
ternal eoinbustim engines; and especially 
turbo-jet and tobo-propeller engines.- The 
problem ©if starting l^iprpeaiing engines 
40 is a relatively simple one, and many 
starter devices have been developed whkli 
st* suitable for- the purpose.. The problem • 
of starting such endues is simplified by 
the fact that , the reciprocatinsf wnriae 
45«tart* at a. relatively low cranlriher speed 



and, under normal condition^ a few re- . 
volutions are sufficient to start the firing 
of the engine. On the other hand, the 
turbine emdne most be rotated a* a re- 
latively high speed be&re it is -capable of 50 
taking over under its own power. It is 
thus' apparent that it is necessary to over- 
come initial inertia of the rotatable parts, 
accelerate them to the : speed necessary to 
fire, and then assist, the engine in farther 55 
accelerating to appraxnnateJy twice this 
speed to permit- the turbine to satisfac- 
torily accelerate itself from that point, to 
operating speed, the successful completion 
of this starting operate within a praeti- 60 
cal period of time requiring the expendi- 
ture of much more energy than is. neces - 
sary in starting reciprocating engines, '■" 
Horwver, in the ease of tirrbo-jet and 
turbo-propeller . enginea, to . insure efficient, 55 
aepenoabie. pearfozmaaifife,. starting pofesr. 
; dedrably should be 5 , available radar all 
conditions and from a source capable of 
providing an unlimited number, of starts 
without the need for additional e^juipmen* 70 
dr. supplies. As a: further pro^qoisito/ 
when this source of power is to be airborne 
it niust be very light in weight and oocrapy ■ 
iiminimiim of space in <lb aircraft . 
;\ Various systems aie now in use or being 75 
studied with & view toward accomplishing 
satisfactory, starting- of tnrbine engines 
TmdeT all eoiwMins, these systems being 
classified generally as " 
;(a) Electric - ' ■ \- 80 

. (b) A small auxiliary reciprocating 
engine ■". 
... (c) A small steam tnrbine V 

(d) Solid propellent. 
•: le) Phexnnatie . . : 85 

' (/> Hydraulic 

. Of the sis systejus nientioned above, the 
electric and pneftm&tie are ronsidefed roost 
practical and of the two last-named sys- 
tems, the pneumatic srrfrtem 5^ believed 90 
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" wore feasible from the engineering stand- 
point, the reasons for such conclusion be- 
in* outlined hereinafter. 
Systems (&), (c) 9 (d). and if) present ad- 
Sditional supply' problems, maiatenance' 
problems, or both- The light , weight reci- 
procating engine presents its own starting 
and maintenance problems especially at 
low ambient temperatures. A steam tur- 
iObine system must necessarily include 
boilers, piping, etc., and requires addi- 
tional maintenance and attention. 

Solid propdlants have been proposed 
for the purpose of starting power" plants 
15 and while such means have been reason- 
ably successful in connection with certain 
small reciprocating engines, when they are 
employed for starting turbo-jet engines 
their size is prohibitive. . In addition, the 
teolid. propellaut is costly "and each 'charge 
deli vera a single start and thelarge bulk 
and- weight of each individual fihnr n 
. sharpl$r i\v. A% .;t!:5 number that can na 
rarried aboard fhv$5im£t. 
25. Hydraulic starter systems axe relative- 
ly heavy, subject to leaks with their ever-, 
present fire hazard, and require much 
plumbing, capable of , conveying the . hy- 
draulic medrmn nnderJiig^pressnrjB. In 
30 addition, sueh Systems mtist "include iy- 
draulie pumps, driven by some source of 
power. in. the form of a. small gas tui'bine 
ijt reciprocating enginei A tank , must be 
provided for Hie hydranlie^ Kqnid and the 
35 use «£ a cooler is necessary for maintaining 
the iampetature of tha liquid within prac- 
tical operating. limits;': Tha. combming of 
all these edmponeito; -results, in a * heayVj 
bulky, and conrolicated ay stem which ie-J 
40 (fuires; much attention and servicing and : 
is stibfeot 'fo. : varidus ; oth^ disadvantages. 
. Wbfiahoth alfictridaad pneumatic statt.- 
xug systems are considered more practical 
than Other systems proDosedt for etortmg 
45 internal tjoanbestion engines,, the jpneoma- 
. lie system* provides .the* most satisfactory 
perforniance. The dfi^^.stajl^ 
as used at present*- is. not., entirely sans: 
factory from a military* potnt'xtf View. 
50 Such, starters are very heavy; and of rela- 
tively low power. Besides the weight of 
the elacfcrfc starter itsalf, all "airplanes so 
equipped most' carry heavy battery eqnip- 
. ment and be fnrtiier reinforced by ground 
55 power plants weighing from SCO to 1,500 
. pounds each, or isely - entirely,' upon tie 
ground power: plants- fe-sta^t^. Obvi- 
ously, such, airplane must ifemain close to 
the bases where such {^und"#cwm v plants 
60 are avialahle, and in case of a forced land- 
ing remote from suoK'a base the airplane 
must "remain immobile until & ground 
power plant is available. In military 
operations, the starting of a number of asr- 
65 daft- presents a serious problem, especially 



in the case of the movement of an, entire 
organization from one base to another. In 
extremely cool climates the power avail- 
able from all battery, sources as greatly re- 
duced, thus further complicating the start- 70 
ing problem* In view of these disadvant- 
ages and those previously discussed, there 
are obvious advantages in the ose of a 
light airborne system, and the^ pneumatic - , 
starter forming the subject maibir" fif the 75 
present application is particularly adap- - 
ted for use in such a system 

It is an important object of this inven- 
tion to provide a starter device which is 
particularly adapted for 'use in starting a 80 
turbo-jet or turbo-propeller engine and 
capable of quickly accelerating the turbine 
to tha high speed necessary to start the 
operation thereof,.- . . * 

Another object is to provide a .starter de- » 
vice which is of the pneumatic type and 
which includes an air turbine driven by 
compressed, air supplied from. a suitable 
source, sueh as the compressor of a small 
easily sorted auxiliary power.planfc of the SO 
hot gas turbine type. By this arrange- 
ment, a relatively small, light-weigirt, self- 
powered, air-borne source of energy Ik , 
utilized to great advantage and the neces- 
»ty for providing a non-airborne source of 
power outside the airplane, such as an 
auxiliary ground power plant, is obviated. 
Oom^uentry, -engines of the turbo-jet or 
. turbo-propeller types „ ean ' be * readily 
started at any time, regardless of the loca- 10Q* 
•don. of ..the airplanes in which" they are 
installed. This is an eadseiaely important 
advantage since*, by this means .jnflitary 
airplane* of these- types cai be qaieily 
propelled, into ..the ai? from any field of 105 
operaticin and for this reason, ft w 
.umieeesshry that ..the inrplanBa . return to 
the base f w which their flight is started. 
; In addition, a. pneumatic starter wMch. de^ 
rivKi prtwer. Trcm an airborne . auxiliary IW 
power plant of the hot gas tuxbo^omittes- 
Kor type is eapaHe of effecting an unliini- 
ted number of starts smea it is -not 
-dependent iipch storage batteries or other 
similar sources of stored-np energy- ' ^ 

Another object is. to provide an engine 
starter for aircraft, which is extremely 
light irv weight and occupies ^very little 
space in tha- aircraft, and one ^hfch is, 
highly efficient and depejidable ™ opera- 120 
tion and ' T^purea. little attention -on .the 
part of the* airplane erew Hscept _ to operate 
the control thereof: ' . . " 

'Another object of "the invention is to 
provide* a small, compact starter device -of ! to 
the type- indicated capable of delivering 
hiph torque and one which may be. con- 
veniently installed on and removed from 
the aircraft engine. • 
A farther object is to provide a starter iw 
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unit in which is incorporated a releasable ted in accordance with the present inven- 
driving connection between the output tion; 

shaft of the starter and the engine, this Fig. '2 is an end view uf the turbine end 
_ connection feeing of. a eentrifugally-actua- ui thu device shown in Fig. 1; 
5 ted type and functioning to automatically Kig 4 is an end view of the power out- 70 

disengage the starter shaft from the turbo- put end of the device j 

jet shaft when the latter* attains a speed tfig. 4 is a crais-sectional view, taken on 

capable of sustaining fall continuous liiw 4 — £ of Fig* 1; 

operation uf the engine being started. Fig. 3 is a cross-sectional view, taken on 

10 A stiU further object is to provide a line of Kg. 1 ; 75 

pneumatic starter unit which includes a Fig. 6 is a cross-sectional view, taken on. 

planetary speedy reduction gearing and a line 5 — 6 of .Fig, 1 j 

friction dutch in its power transmitting Fig. 7 is a cross-sectional view, taken oil 
mechanism, said clutch being adapted to line 7—7 of Fig. If and 
15 slip upon the occurrence of unusual drag £ is a perspective view of a pair of 80 

or resistance to the free rotation of the turbo-jet. aircraft engines, illustrating the 
starter output shaft, such as might be present pneumatic starter applied to use 
closed by an abnormal or overload con- in starting the engines and connected to be 
tlifion. operated by compressed air derived froin 

20 • Another object is to provide n pneiuna- an airborne arorifiary power plant, 35 
tic- starter to v which may, if desired, be The present pneumatic starter device, 
operated by a. ^mobile ground power plant wJule capable of starting engines of vari- 
capable of being moved into proximity ons types, is herein illustrated and des* 
with an airplane located on a field and cribed, by way of example, aa arranged to 
25 readily connected to the engine or engines start one or more aircraft engines of the 90 
thereof to start: the same. In this respect, turbo-jet type. . ' Raf erring to Fig.'. 8, the 
the present invention also contemplates a turbine engines 15 and 16 axe adapted to 
starter system in' which a source of com- be started by means of identical pneumatic 
pressed air, sock aa a small hot gas tarLo- starter devices 17 $nd 16 which are eon- 
90 compressor, is carried by a mobile ground neeted to the engines, by means to be later 95 
power plant which can be readily moved described, and which are operated by com-, 
into position adjacent' an airplane to sup- pressed air supplied from a suitable 
ply 'compressed air to a pneumatic starter source, such as the arixfliary power plant 
mounted on and adapted, when operated, illustrated generally at 20 in Fig. 8 and 
33 to start tho airplane engine. . It is also described in more detail hereinafter. The 10O 
pjwposed .to provide a quick disconnect engine starter together with its source of . 
. means for attaching the pneumatic starter compressed air, may be c^inpletaly air- 
device to an aircraft engine so that after borne and win be first described in this 
the engine has teett;stai1^ ifee device can cinijuectioii, although the starter ^wer 
40 be; readily detached therefrom, and ' re- plant may be operated by a mobile ground m& 
tained with the groimd power plant. Such serwins unit, to be referred to later in the 
an arrangement wherein thestarter device specificAtion. 

j* retained on the oronnd has the ad van ^ Eeferiing now to Figs*. 1 to 1 of the 
tage of wnserving weight hi the airplane drawings, the engine .starter device 17 in- 
45 and, in. the. case of a high , speed military eludes a bousing 21 which is composed of no 
airplane, the exclusion of even this small an inner section 22, an hitermedmte sec- 
weight may be extremely, important. The tion 23 and an outer section 24, the section 

• present invention farther . contemplates 22 en*losin£ a coupling; means 25, the see- 
the provision of a ground power plant in tion enclosing a planetary speed reduction 

50 which the tnrbo-compressor is capable of . and power transmissioji means 26, and the 115 

• supplying sufficient .compressed air to the section 24 providing the housing of an air 
starter devices of several engines, as is the turbine 27. The inner and intermediate 
wise where the aircraft is of the mtilti- sections have matching peripheral flanges 
engine type, which are detaehably secured together by 

55 . The present invention is directed to the means of bolt* 18; In a similar manner, 120 
" starter device per se and reference made the outer section 24 is detaehally connec- 
above, and subsequently, to preferred ted. to the intermediate ^ section 23 by means* 
sources of compressed air for operating the of holts 29. # * • ■ 

device, and to the quick disconnect means The intermediate housing section 23 is 
^{fierefor is merely for the purpose of illtis- provided with an inner, annular flange 30 12S 
trating the adaptability of the starter in to which is secured,, by screws SI* a ^tip- 
connection with aircraft engines, like holder 32 which receives the outer . 
Tt> the aoconipnnyinjr drawing: race of a baH bearing 5$. an annular seal 
Ffe. 1 is a lonsritiirlinal sectional view member 34 also heins retained in place 
£5 through an enrfne starter device construe- against the fiance 30 by the screws 31. The 130 
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inner Rousing section M is also provided 'I\he. turbine tinitthus is of the substantia 
with an iaterriaJ flange 3o which defines an ally- radially' inward, airial discharge flow 
uxial opening av which a ball bearing 36 typo, this form of turbine having been 
• is disposed. An internal driving .element found to be highly efficient in operation 
f- 40 is composed oXasially a^gned cbnrpon- and especially suitable for the present 70 
carta 41 and 42 winch are secured together starter device. 

by staid* 43 and nuts 44. The ends of -the " The outer component 41 of the driving 
components 41 and 42 are reduced in dia- element 40 has a, flange 73 provided with 
meter to adapt them to be received, in -the three bores in which ball' bearings 74 are 
20 inner races of the respective ball bearings disposed- - and retained by rings 75. 75 
33 and 36. Held within the end of the Planetary gear shafts 76 have one of their . 
component 42 of the driving element 40 by ends rotateWy disposed in the ball bear- 
a transvetrse pin 45. is. one element 46 of ' ings 74 and their opposite ends rotatable 
the couifling mtens 25. ' " in roller bearings. 77 positioned- in aper- 

15 The forward end of the component 41 of tares 78 of the- inner component 42. The 80 
the driving dement 40 is provided wiUi a sha£ts"76 are provided with integral gears 
bore in which is held a pair of ball bear- 79 and flanges 60. Carried by the shafts 
lags 48 and 40* which are retained in aadal- 76 between the flanges. 80 and the inner 
. Jj spaced relationship by a -tabular spacer races of the ball bearings 74 are. larger . 
20 50. . Botatahb witnin the baS bearings 48 gears 81, the teeth of which mesh with the 85 
aiid 49 is a tnrbine wheel shaft 52 which is teeth of the sm gear 53. B$eh pair of • 
provided with a pinion gear 53 at its inner gears 31 and 79 constitutes a compound 
end, this gear being hereinafter referred " planetary gear since each is carried by one 
to as the sua gear- of a plaietary geap.syj^ of the shafts 76 and rotatahle therewith. 
25tWto be later described; ; The forward As thus far described* rotation of the 90 
end of the shaft 52 is disposed within the' turbine wheel shaft §2 and son gear 53 will 
"turbine housing section 24 and mounted merely -impart rotation to the gears 81, 
. . . en. tbHead of the" shaft a turbine wheel shafts 76 and gears 79. However, in order 
. 35 having curved, generallly radially ex- to transmit power from the wheel shaft. 52 
• - 50 tending Hades 56 oa th© forward, face of to the driving element 4& anii the element 9$ 
the\ wheel adjacent- its. peciphe^. .A? 46 of the coupling- means 25, preferably- 
shown in Fig. 1, tie.turbine wheel -.35 h at a reduced rate of speed, means are em- 
. . ^keyetLtb the shaft; 32 as indicated at '57 bodied in theefearter device for eausinw the 
and is held anally m place by nut means shafts 76 to. revolve* in an orbit around the " - 
/dS&aererwedontb^ ran gear 53. "'Hns nieaais- consists of a 100 

r " of the. shaft,* spacer -ring 59 being-dis- ring gear85 having -internal, gear teeth- 
posed. between' the acearward side ox ,the witawhfch thetcetnbf thepSaiierwgeark- 
w&eel aid the ball- bearing 48. \ ■ 79 ineah. - Th6 orbit gear 85 is rota4ahle iir 

* As shown in Figs. 1 and 2, the forward a drcubr opening 86 in 'the intermediate 
' < 40 housing section 24 has a central annular hotisnig "section -25 arid has" an : annular 105 
portion-: 62, whist is -joined to a circular flange 87, a side of which is disposepl * 
wall ; 6& IManding racially outward a^mst aphn^Jiiy of faction discs 88 fast : 
froin the portion 62 is aii inclined oircatbr 'within tho /section/ ' 

wall 64 which is provided-it ite periphery C A friction dutch . 90 is" disposed within . 

45 with an annular flang^l&e* portion 65. P^;' the iiouong section 22 and includes a pair iJtt 
.Vi3e3-m,the i-'jKtfl3on'6ir'ia..A. plurality of - of rinpj. 91 and. 92,; the latter being 65fi- /\ 
inibsiantialry . tangential - nozzles having posed in ai^'aintnlaa? recess 93 of the sec- • " 
. noSSe-' openings 66 whfeb, .as: shoviir in Hon. .ZPhe* rings 91; and*9B-are joined, by. . 
4, are. defined in 'pait .1^ inclined pins 94 and the dutch 90 is Jbjdd against - 

-^partitions or. vanes &l> 'The walls 6%- 68, rotation by Ingsr 95 on theririg 91 115 
64, 65 of the. turbine housing section 24, eng&geable fat slots 96 in the inner fnce- of 
together with the forward annular wall of • the housnig section 23 (Fig: 6). The ring 
the intermedis^^ 91 ia provided with a. pluraHty of friction 

' a helical or s&roH piass^ge o^ a tengential dxscs'97 whish nexinally engage against fiie 

55 tubular porfion 69 providing- an air inlet- -ijmer face of the flange 87 of -^the" orbit 120 
conummicafing with, tte-passagis. By this g&r -85 as snowa in.Vig* 1„ tie ring 91 " 
eonstoefcion; compressed air introduced- Bdng urged m a direction to inaintain 
into! the scroll passage 68 by wav of the in* such engagement* by means of compression 
let 69 passes throurfi the ^inebned nozda springs '98>. snmninding the- connecting 

^openings" 66 aitd w>a$ngpa against the- pins 94 with their "ends engaging the rings 1^ 
blades 56 of the turbine wheel 55 to rotate 91 and 92* . It is thus apparent thai norm- 
tfea latter, the air, after performing* ally the ring gear 85 is l^d stationary so 
work, d^charging r toougih "atf axial pass- that ^nrinff rotation of the sun gear 53 the • 
age'70, defined- by- the annular portion 6% compound planetary gear 81, 79 is caused 
'^35 «rid through -a screen ^71- in iKs passage, to* travel atP^nd the ring gear to Au^lSO 
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transmit power tu tiie driving element 40 is herein illustrated as attached to the 
and coupling element 46 at a speed of engine 15 by the bolts 320, it may he de- 
ntation which Is considerably less than taehahly connected thereto by means of a 
that of the turbine wheel shaft 52. It is suitable quick disconnect means, suoh 
5 &L*o to be noted that when the coupling means providing for quick removal of the 70 
element 46 is subjected to a load in excess starter device from the engine for inspee- 
of a predetermined value, sufficient torque tion, repair, etc* la some airplanes, par- 
may be applied by the shaft 52 through tieularly those of the high speed military 
the compound planetary gears 81, 79 to types, it may be highly desirable to con- 
10 lie ring gear 85 to cause the latter to com- serve even the relatively small weight of 75 
plstely or partially overcome f rietional the starter device. In thas case, the starter 
resistance of the discs 88 and 97 to produce device . may be attached to the engine by 
slippage. When this condition prevails, the qnick-disconnect means only until the 
the compound planetary gears 81, 79 will latter is started and quickly disconnected 
15 merely rotate on their own axes and may therefrom after eontinnans operation of 80 
or may not revolve about the mm gear 53 y the engine is assured, the device then being 
depending upon the degree of slippage removed from tie airplane and retained 
occurring between the orbit gear 85 and on the ground. In other words, the starter 
the friction discs 88, 97. device may be either airborne or incor- 

'20 The coupling device 25 includes, in ad- porated with a mobile ground servicing 85 
ditton to the element 46, an outer element power plant- As previously pointed out, 
100 which is disposed coaxiaUy with the the (pick-disconnect means forms no part 
element .46, the element 100 being herein- of the present invention and for this 
after referred to as a drive shaft since it reason is not herein disclosed in detail. 
35 is adapted for 'connection with the engine 'It has been stated that the starter de- SO 
to be started The drive shaft 100 is pro- vices 17 and 18 are adapted to be operated . 
vided with an intermediate portion 101 by compressed air introduced into the 
.which is rbtatable in. a bearing, plate 102 scroll hoiising section 24 by way of the 
seenred to the end of the inner , housing inlet passage 69, the motive air then bong 
30 section: 22, a sealing ring. 103. being: em- directed snbstantiaUy radially through the 35 
ployed to prevent escape of Inbrieant f rom inclined noioLes. 66 where it impinges 
the homing 21. The drive shaft 10O has against the blades 56 of the turbine wheel 
a reduced outer end 104 which projects 55 to rotate the . latter at a high rate of 
from the housing section 22 and which has speed, Hie air then discharging from the 
35 a apKned periphery (Figs. 1 and 8). : The starter device, in an : axial, direction 100 
. inner end 105 ■ of : the drive shaft 100 is through the exhaust opening 70- Betatron 
annular and surrounds the inner end 1G6 of the turbine wheel 55 and its shaft 52 
of _ the eorrnTing element 4fi s Tb*eiJd'205 and 'sun- gear 55, eaiises rot&Mon of th6 
is provided with, a pair of bosses lip ha V- compjnmd° planetary gears 81, 79. ' As 
40ing bearing holes in which weighted pawls rotation of the coupling 'element' 48 is 105 
111 are' pivotally momited {Pigs. 1 and 7)- started, the shoulders 114 thereof, acting 
The . pawfe 111 have pointed ends 112 ; against, the ends 112 of the pawls 111, 
whieh are , adapted to be disposed in : transmit torque to the drive shaft 100 and 
reeessea 113 formed on the periphery tAeniee to the engine shaft. 121 to rotate 
45of the inner end. 106- of ..the ele- the same* 110 

irient 46 as shown; .in Kg-, % the recesses The strength <& the dutch , springs 98 is . . . 

providing shoulders 114,. The pawls 111 so calculated that complete fixation of the 
• normally, are retain^ in this, posiid^ orl^ gear 85 ;occura^ 
means of leaf springs 116 which have one engine starting eyele land thus daring the 
^of their , ends semred. within the end 105 starting operation full power is trail*- 115 
. and their free ends engaging the pawls. initted to the engine and high speed of. 
.: The entire starter device 117 is adapted . the latter is rapidly attained, that is, the . 
to be defestobty secured to an end of ; a speed -of the.eugineis increased to a po^ 
■ \ turbo-jet ox turbo-propeller engine 15, the at which tie jet engine, can. satisiaetoriry 
pinner housing section 22 being provided . accelerate Itself tof operating speed. "Whm 120 
. with a peripheral flange 118 haying, holes this' latter speed of the engine Is . attained, 
. 119 through which bolts 120 . can be in- ceiitvifngal foree causes the pawfe to pivot 
sorted and screwed into holes in the end outwardly, as indicated by the broken 
of the engine 15. The fluted end 104 is lines in Fig. 7, against the action of the . . 
•60 adapted to enter a 'splined end 'of a shaft., leaf spring 116. Consequently, the trans- 125 
121 of the engine IS to provide a positive . mission, or power from the turbine wheel" 
, driving connection therewith so that when 55 to the engine shaft 121 is automatically 
the drive shaft is driven by the turbine disrupted and, since the starter then, per- 
wheel 55 of the shaft of the engine h like- forms no further work, it can be stopped. 
to wise rotated, . While the starter device 17 As previously mentioned, the pneumatic 18a 
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starter deviee is adapted, to be operated 
by compressed air. derived from any suit- 
able source. It has bean .determined, how- 
ever, that a small. Eght -weight aranft'ary 
5 power plant of tie type illustrated at 20 
in Fig. $ which may to started by a rela- 
tively small elfletrjki' motor or other suit- 
able means is especially suitable for snip* 
plying compressed air to the pnenmafrc 

10 starter conslatnting tie present invjentioii. 
Tlre aasfliary power nnit 20 includes a hot 
^ tkrhhie" plant 125 which drives an air 
compressor xmit 126 disposed m align- 
ment with the }&& 12ft. . Air fa drawn into 

15 the zzralti-ktage \ ,air,. JcomEcesgpr. Tmit 
throng^ an inlet -127,.' the compressed air 
then ■ .passing through combustion " chain,- 
bars 128 wherein tHe enthalpy pi the com- 
pressed air. i$ increased the coaptation 

20 oi fad therein, the"jwrt. ; gas then passing 
thton^h duets 129 to - enter the tortdne 
saroU honsing .180 and_ being, directed 
thxoiigh nosdes. against the blades "of a 
ttirbice wheel which is operatrfoly con- . 

25 neeteijl to drive the compressor mriC The 
flow of air thrxragh the.eyele referred to 
hbene- is indicated by fnil line, arrows in 

• . Jig. 8. • \ : • 

A portion of the air compressed in the- 
126 is Med ther^frnm at points 13S 
and,, when the power, imit 20 & installed 
in an airplane, this air ' may be diverted 
to the airplane pneninatic power system 
or. to other pneum'atieal^ (merated mech- 

;35anisiijs through branch' tubes. 184 and a 
duct 135. In the imenmatic starrer, sysr 
tern disclosed in Jfi£- 8i i portian of the 
eonraressed a^ flowing. tJsOOTgh the duct ' 
185 is adapted to J>e "diverted fo-either; or 

•40 both, of the tw6;e2wSie starter ; devices 17 
and IS V w*7 respective dnets 187 
ahd : 138 connected between the dnet 135 
and tie inlet tnbes 69 of the starter de- 

• ■ vices. . Valves 140 and 141 are. disposed in 
45 the respective ducts 137 and 138 and 

adapted' ta control; tber flow' of .the. com : 
pressed* air to. pnsnmatip 'start era. 
When the valves 140 and 141 are opened, ; 
the flow of air bled from tie wmipress^r 

50126, through the ; starter^/ is as in^cat^ 
hv the broken arrows in Figv&. ■ 

' M thus far described, the entire Ktsiter 
system which indndeff the starters, 17- arid 
18, the atttdliarr power plant 20 and the 

55 connecting air ducts, is adapted for instal- 
lation ilx'ah aircraft audi. where wholly, 
feasible, sueh an airborne arrangement 

• is obviously ^ferablsl * By installing the 
system in the aircraft* so . that it is a com- . 

60 ponent thereof many- advantages are 
attained, For example; a m&ior advant* 
age resides' in the fact that the starter sys- 
tem-is always available .fox use so that the 
aircraft enc^n^ <>an he started at any 

65 time, regardless of the location of the 



craft, and it is unnecessary to return the 
.airplane to the base from where it few in 
prder that its engines may be subsequently 
re-startei Thus, hy this arraagement it 
is possible to quiefcry start the individual 70- 
engines of a group of airplanes without 
relying upon an outside source of power 
for operating the starters thereof, and the . 
take-off of the group . of airplanes is 
greatly £$pedite<L .."As .will ha apparent, 7> 
this of extreme importance .especially 
when combat airplanes must leave .the field 
qnietly to intercept enemy craft. Should 
a farced landing become., necessary, the 
engine, or engines of the ah^lane mar be SO* 

inently started at the location where 
the airplane lands, it. being, unnecessary 
to await the arrival of a mobile ground 
power plant. for the purpose. 
. In most airplanes, the iiistaHatioii of the SS 
Instant starter dericea and auxiliary power 
plant is wholly practical since both units ■ 
are compact and extremely .light in weight . 
fn tils respect, it is pcgirfed on^ that the 
wei^it of a single (pnenmatic starter of the 00» 
type disclosed hereon and having a, horse- 
power rating; of 85 is appraomately 15 
pounds and that of the auxiliary power 
plant is apprommately 68 ponnds so that 
the major components of the airbcErne sot-^» 
tern . weigh -approxhmte^r, 83 • patnw. 
Ocanpared to, - for . example, an electric 
starter system, this represents * material 
saving in- weight since an electric starter 
of comparable horaepowtt w^a^ apprasi- 
ma tely 45 parmds and storage batberies fer 
operating the starter weigh apprcmmateJy 
160 jionhdsv the total weight rift the, major 
wmpoheiits of ah airborne electric; system - . 
thus bein^" approximately. pounds'., of ?>!> 
substantially 24 times that of the present 
pnenmatic system it is tims .'seenT. tiiat 
the pneumatic etartar system, illnsteated • 
herein by way of example^ at least par^: - 
. tially Bolves the problem of. weaghi andlW 
provides a highly efficieni and practical 
meah5. fop/effeeting an unlimited nnmber 
of - enjp^ne^tarting operations . .wi^hont . . 
.asaistanoe from an catsidB spnree of power 
such as a gronnd power, plant. Moreover, 115* 
the aiuoEary- power -plant which supplies 
^<m*prased air } f<ir operatic the -startet* . 
unit or; sterter tinits may; also serve varmns 
other fonelMms sach. .as providing * (11 a . 
pnenmatic or direct mechanicai drive "for I»> 
all aircraft alternator, (i) proyidincf hat 
gas for wing de-icing: propose^ (8) pro- 
viding compressed ~air " for opera^nir an 
airneyde" refrigerating'Tinit for condition- 
ing aircraft cabins <m the ground^ and (4) 
providing, with proper heat ^e^haixffers, 
means for heating airctaft enjdnesi cabins, 
etc. It fe* tntis seen . :ttiai by the system 
described ivbove W -portion of the available • 
compressed air from the auxiliary power 13& 
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plant may trtflized fur updating the said turbine wheel and rotatahle there- 
engine starter devices, la other words with ; . an orbit gear rotataHe in said hcnis- 
wben ihe auxiliary power plant is installed ing and arranged concentrically with said 
in the airplane, an adequate supply ot son gear ; a carrier rotatable in. said hous- t 
5 «»iipresbtfd air is always available. in£; a compound .planet gear on said car- 70 ♦ 

While the engine barter hzx h&m de- iw and in mesh with said aim gear and : 
scribed as embodied in a system of an air- said orbit gear and revolvable in an orbit * j 

liorne tyi>^ it may also be advantageously therebetween ; a coupling means between i 
employed ui connection with, a system in *aid carrier and said drive abaft; and ; 
10 which the auxiliary power plant is not in- friction means normally operative to resist 75 ! 
Htalled in the airplane but rather is a rotation of said orbit gear so as to cause 
mobile ground power plant As previously said planet gear to rotate said carrier and ' 
indicated, in the case of high speed turbo- said drive shaft, said friction means being j 
jet and turbo-propeller airplanes, the over- adapted to yield in response to a load of j 
15 ail weight of tbe craft may be extremely predetermined magnitude applied against SO [ 
critical and it may be highly desirable to said drive shaft so as to allow rotation of ; 
omit soch accessories as the anxiBary said orbit gear* b 1 

power plant, and even the starter devices, 4. A starter device according to Claim 
from the airplane. In other words ? it may 1 or 2, havmg $. friction clutch mcorpor- 
20 be deemed more expedient to sacrifice the ated in said power transmission means, 85 

convenience and. other desirabilities of said chiteh being adapted to slip upon - ; 

having the starter sv^teni installed in the occurrence of a lend imposed on said drive 
airplane for the saving in weight, even shaft fci excess i_i a ^redetermined value, 
though the present system is of consider- 5. A starter device according to Claim 
25 ably lighter weight than other systems 2, characterized in thai said coupling SO 
heretofore proposed. In such case, the means normally provides a positive driv- 
auxiliary power plant is^ adapted to be ing connection but is adapted to become ; 
mounted on a mobile servicing cart which disengaged from the shaft of the engine in 
can be readily propelled to a location adja- response to speed of the engine shaft in 
30 cent the turbine engine to be started, com- excess of a predetermined value* 93 
pressed air then being . forced through a 6. A starter device according to Claim 
flexible, reinforced hose to the inlet of tbe 2 («• v wherein said coupling means is 
air turbine of the starter device, Aservic- centrifngalry controlled and includes a 
ir>£ enrfr of this type may also be emi>3oyed first member on said drive shaft^ a second 
35 for preheating the airplane engine and the member connective to the engine shaft, 100 
cabin or cockpit of the cri-aft Suth a and at least one eentrifugally operated 
servicing unit is comparatively light in element movable on one of said members 
weight and therefore is more conveniently and engageaHe . with the other of said 
moved into operative position then, similar members and engagea&e with the other , of 
40 units employed in conjunction with elec- said members to effect 3 driving cannee- 105 
trie starter devices and employing electric tion, said element being adapted ;, to be 
generators driven by larae, heavy, moved in a position to disengage said other 
internal-combustion engines, . member in response to centrifugal force in 

What we claim is:— . excess of a p^etermined value. 

AS 1. A starter device for a high speed in- 7. 'A; starter device aecording to Claim 11 0 
temal >oinbnstion engine having a shaft, 6, wherein said element comprises a pawl 
comprising: a housing adapted to bede> pivotally. connected to one of said mem' 
taehably connected to the engine; a drive bers and engageable with a shoulder on the 
shaft rotatably supported in raid housing other oi said members. 
50 and adapted to. be operativeiy connected 8, A' starter device according to Claim 115 
to the shaft of the engine; a turbine in 7, in which said coupling means includes 
said housing having an air driven wheel; resilient means enga^eable with said pawl 
and transmission means interconnecting and operative to yieldingly mmntaiTi the. 
. said wheel and said drive shaft, said trans- same in engagement, with said shoulder. 
35 mission being . adapted to pnrtially or com- 9. A starter device according to any one 120 
pletely interrupt the transmission of of the foregoing claims, in which said tms 
power to the drive shaft in response to bine is of the radially inward, axkHy dis- 
the occiirrenee of an overload, amdition, charge flow type. 
2* A starter- device according to ClaW 10. A starter device according to Claim 
601, bavins & disengageable coupling mean!: 9, wherein, said turbine has a wheel pro- 125 
between said drive shaft and the shaft of vided with substantially radial blsde^ and 
the engine. has a plurality- of nozzles disposed *nbstan- 

3, A starter device according to Claim tiaEy tangential to said wheel 
1. wherein: said transmission means in- l£ A starter device for use in starting 
$5 cltides a son gear operatively connected to a high speed inteinal-eombnstion engine, 190 
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constructed and adapted . to operate sub- 
stahtially as herein described with refer- 
Gn£e to Figs. 1 to 8 of the accompanying 
drawings. 

. Gated this 25th"day of Ncrambar, .1949. 
For: T ag 'G ab&sft Cobpoeation. 
STIFFENS, LANGKHB, . 
PllKRY &' KO&LIN30N,' - 
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